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(54) In-plane type liquid crystal display apparatus with increased numerical aperture 

(57) In an in-plane liquid crystal display apparatus 

including a first transparent substrate (11) having a plu- fjg *j 

rality of gate bus lines (GLj), a plurality of drain bus lines 
(DLj), a plurality of pixel electrodes (Ejj) each connected 
via a switching element (Qy) to one of the drain bus 
lines, and a common electrode (CE) on the first trans- 
parent substrate; a second transparent substrate (21); 
and a liquid crystal layer (3) interposed between the first 
and second transparent substrate, an optical shield 
layer (18, 18*), is formed on the first transparent sub- 
strate and covers the drain bus lines. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to an in-plane liquid 
crystal display (LCD) apparatus. 

Description of the Related Art 

In an in-plane LCD apparatus, liquid crystal is 
driven by an electric field generated horizontally with 
respect to substrates (see U.S. Patent No. 3,807, 831 & 
JP-A-56-91277). 

In a prior art in-plane liquid crystal display appara- 
tus including a glass substrate a counter glass sub- 
strate, and a liquid crystal layer sandwiched thereby, a 
plurality of gate bus lines, a plurality of drain bus lines, a 
plurality of pixel electrodes each connected via a switch- 
ing element to one of the drain bus lines, and a common 
electrode are formed on one of the glass substrates. 
Also, an optical shield layer is formed on the counter 
glass substrate and covers the drain bus lines. This will 
be explained later in detail. 

In the prior art in-plane type LCD apparatus, how- 
ever, since the optical shield layer is provided on the 
counter glass substrate, not on the glass substrate the 
optical shield layer needs to be large in view of the align- 
ment accuracy between the glass substrate and the 
counter glass substrate. This substantially reduces the 
numerical aperture of the apparatus. 

In addition, spurious weak lateral electric fields 
caused by the pixel electrodes and the drain bus lines 
are generated within the liquid crystal layer, which mod- 
ulates a lateral electric field as a signal. As a result 
crosstalk is generated, thus remarkably reducing the 
display quality. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide an 
in-plane type LCD apparatus capable of increasing the 
numerical aperture. 

Another object is to provide an in-plane type LCD 
apparatus capable of enhancing the display quality. 

According to the present invention, in an in-plane 
liquid crystal display apparatus including a first trans- 
parent substrate having a plurality of gate bus lines, a 
plurality of drain bus lines, a plurality of pixel electrodes 
each connected via a switching element to one of the 
drain bus lines, and a common electrode on the first 
transparent substrate; a second transparent substrate; 
and a liquid crystal layer interposed between the first 
and second transparent substrate, an optical shield 
layer, is formed on the first transparent substrate and 
covers the drain bus lines. 

Thus, the optical shield layer is formed regardless 



of the alignment accuracy between the two transparent 
substrates. 

Also, a definite DC voltage is applied to the optical 
shield layer to enhance the display quality. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be more clearly under- 
stood from the description as set forth below, in compar- 
10 ison with the prior art, with reference to the 
accompanying drawings, wherein: 

Fig. 1 is a cross-sectional view illustrating a prior art 
in-plane type LCD apparatus; 

75 Fig. 2 is a plan view of the apparatus of Fig. 1 ; 

Fig. 3 is a cross-sectional view illustrating an 
enlargement of the liquid crystal layer of Fig. 1 for 
explaining the generation of lateral electric fields; 
Fig. 4 is a diagram illustrating panel of the in-plane 

20 type LCD apparatus of Fig. 1 for explaining the gen- 
eration of crosstalk; 

Fig. 5 is a cross-sectional view illustrating a first 

embodiment of the in-plane type LCD apparatus 

according to the present invention; 
25 Fig. 6 is a plan view of the apparatus of Fig. 5; 

Fig. 7 is a cross-sectional view illustrating an 

enlargement of the liquid crystal layer of Fig. 5 for 

explaining the generation of lateral electric fields; 

Fig. 8 is a graph showing the crosstalk characteris- 
30 tics of the apparatus of Fig. 5; 

Fig. 9 is a cross-sectional view illustrating a second 

embodiment of the in-plane type LCD apparatus 

according to the present invention; 

Fig. 10 is a cross-sectional view illustrating an 
35 enlargement of the liquid crystal layer of Fig. 9 for 

explaining the generation of lateral electric fields; 

and 

Fig. 11 is a graph showing the crosstalk character- 
istics of the apparatus of Fig. 9. 

40 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Before the description of the preferred embodi- 
es ments. a prior art in-plane type LCD apparatus will be 
explained with reference to Figs. 1,2,3 and 4. 

Fig. 1 is a cross-sectional view illustrating a prior art 
in-plane type LCD apparatus, and Fig. 2 is a plan view 
of the apparatus of Fig. 1 . As illustrated in Figs. 1 and 2, 
so reference numeral 1 1 designates a glass substrate on 
which a conductive layer 12 made of Cr or the like is 
formed. The conductive layer 12 is patterned to form a 
ladder type common electrode CE and scan bus lines 
(gate bus lines) such as GLj. Also, an insulating layer 13 
55 made of silicon nitride is formed on the conductive layer 
12. In this case, the insulating layer 13 serves as a gate 
insulating layer of a thin film transistor (TFT) Qjj. Further, 
an amorphous silicon pattern 14 (shown only in Fig. 2) 
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is formed only on the gate bus lines GL M , GLj, • • * . In 
addition, a conductive layer 5 is formed on the insulating 
layer 13 and the amorphous silicon pattern 14 and is 
patterned to form signal bus lines (drain bus lines) such 
as DLj and pixel electrodes such as Ey. Thus, the TFT 
such as Qy is formed by a gate electrode connected to 
the gate bus line GLj, a drain electrode connected to the 
drain bus line DLj, and a source electrode connected to 
the pixel electrode Ey. Further, the pixel electrodes such 
as Ey and the drain bus lines such as DLj are covered by 
a passivation layer 16, and also, an orientation layer 17 
is coated on the passivation layer 16, so that a rubbing 
operation is performed upon the orientation layer 17. 

On the other hand, a counter glass substrate 21 is 
prepared, and an optical shield layer 22 made of C r or Al 
is formed on the counter glass substrate 21. Also, red, 
green and blue color filters 23 are formed on the counter 
glass substrate 21 and the optical shield layer 22. Fur- 
ther a passivation resin layer 24 is formed on the color 
filters 23 and the optical shield layer 22, and also, an ori- 
entation layer 25 is coated on the passivation resin layer 
24, so that a rubbing operation is performed upon the 
passivation resin layer 25. Note that the direction of the 
rubbing operation of the orientation layer 25 is the same 
as that of the orientation layer 1 7. 

The above-assembled glass substrates 11 and 21 
are adhered to each other with a predetermined spac- 
ing therebetween, and then, a liquid crystal layer 3 is 
inserted into this spacing. 

After that, a polarization plate 41 is adhered to a 
surface of the glass substrate 1 1 on the opposite side of 
the liquid crystal layer 3. In this case, the polarization 
direction of the polarization plate 41 coincides with the 
rubbing direction of the orientation layers 17 and 25. On 
the other hand, a polarization plate 42 is adhered to a 
surface of the counter glass substrate 21 on the oppo- 
site side of the liquid crystal layer 3. In this case, the 
polarization direction of the polarization plate 42 is per- 
pendicular to the rubbing direction of the orientation lay- 
ers 17 and 25. 

Thus, an in-plane type LCD apparatus is com- 
pleted. 

In the in-plane type LCD apparatus of Figs. 1 and 2, 
when a voltage is applied to the gate bus line GL^, the 
TFT Qy is turned ON, so that charges are injected from 
the drain bus line DLj via the TFT Qy to the pixel elec- 
trode Ey. After the TFT Qy is turned OFF, the potential at 
the pixel electrode Ey remains at the same level. On the 
other hand, a definite DC voltage is applied to the com- 
mon electrode CE. Therefore, as indicated by X in Fig. 
3, a lateral electric field is generated within the liquid 
crystal layer 3 by a difference in potential between the 
pixel electrode Ey and the common electrode CE, so as 
to change retardation of liquid crystal in the liquid crystal 
layer 3. Thus, the change of the retardation liquid crystal 
as well as the optical property of the orientation plates 
1 7 and 25 controls the transmission of light through the 
liquid crystal layer 3. In this case, the optical shield layer 
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22 covers a region of the liquid crystal layer 3 where the 
above-mentioned lateral electric field cannot be gener- 
ated, thus preventing leakage of light through this 
region. In this case, the optical shield layer 22 covers 
5 the gate bus lines such as GL, and the drain bus lines 
such as DLj. 

In the in-plane type LCD apparatus of Figs. 1 and 2, 
however, since the optical shield layer 22 is provided on 
the counter glass substrate 21, not on the glass sub- 

io strate 1 1 , the optical shield layer 22 needs to be larger 
in view of the alignment accuracy between the glass 
substrate 11 and the counter glass substrate 21. Note 
that this alignment accuracy is usually ±10 Jim. This 
substantially reduces the numerial aperture of the appa- 

75 ratus. 

In addition, as indicated by Y1 and Y2 in Fig. 3, spu- 
rious weak lateral electric fields caused by the pixel 
electrode Ejj and the drain bus lines DLj and DLj +1 are 
generated within the liquid crystal layer 3, which modu- 
lo lates the lateral electric field as incficated by X in Fig 3. 
As a result, as shown in Fig. 4, if a white window is dis- 
played by making only the drain bus lines DL Y i to DLy 2 
high(=5V) while the gate bus lines GL X1 to GL X 2 are 
scanned, crosstalk along a vertical direction is gener- 

25 ated at the upper and lower sides of the white window 
since the above-mentioned modulation depends upon 
the potential at the drain bus lines. This remarkably 
reduces the display quality. 

Fig. 5 is a cross-sectional view illustrating a firt 

30 embodiment of the present invention, and Fig. 6 is a 
plan view of Fig. 5. In Figs. 5 and 6, an optical shield 
layer 18 made of Cr or Al and an insulating layer 19 
made of silicon nitride are formed on the glass substrate 
11 instead of the optical shield layer 22 of Figs. 1 and 2. 

35 Even in this case, the optical shield layer 18 covers a 
region of the liquid crystal layer 3 where lateral electric 
fields as indicuted by X in Fig. 7 cannot be generated, 
thus, preventing leakage of light through this region. 
That is, the optical shield layer 18 covers, the drain bus 

40 lines DLj, the gate bus lines GLj and portions between 
the drain bus lines and the common electrode CE. 

In the in-plane type LCD apparatus of Figs. 5 and 6, 
since the optical shield layer 18 is provided on the glass 
substrate 1 1 , not on the counter glass substrate 21 , the 

45 optical shield layer 18 can be small, since it is unneces- 
sary to consider the large alignment accuracy between 
the glass substrate 1 1 and the counter glass substrate 
21. This substantially increases the numerical aperture 
of the appartus. 

so In addition, as illustrated in Fig. 7, a DC voltage V^. 
is applied to the optical shield layer 18 to create electric 
fields as indicated by Z1 and Z2 in Fig. 7. The electric 
fields Z1 and Z2 are operated to lessen the electric 
fields Y1 and Y2 in Fig. 3, thus suppressing the cross- 

55 talk along a vertical direction. For example, as shown in 
Fig. 8, when the DC voltage is negative, particularly, 
smaller than -10V, the modulation effect can be 
reduced, so that the amount of crosstalk is remarkably 
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reduced, thus enhancing the display quality. 

In Fig. 9 which is a cross-sectional view illustrating 
a second embodiment of the present invention, the opti- 
cal shield layer 18 of Fig. 5 is modified to an optical 
shield layer 1 8' which covers only portions between the 
drain bus lines such as DLj and the common electrode 
CE. That is, an opening 18a opposing a center portion 
of the drain bus line such as DL, is perforated in the opti- 
cal shield layer 18'. In this case, although the optical 
shield effect of the optical shield layer 18' is a little dete- 
riorated as compared with the optical shield layer 18 of 
Fig. 5, the overlapping area between the optical shield 
layer 18' and the drain bus line DLj can be reduced. As 
a result, a coupling capacitance C2 therebetween as 
shown in Fig. 10 is reduced as compared with the corre- 
sponding coupling capacitance C1 as shown in Fig. 7, 
This increases the propagation speed of signals on the 
data bus lines such as DLj. 

Further, as illustrated in Fig. 10, a DC voltage V os is 
applied to the optical shield layer 18' to create electric 
fields as indicated by 23 and 24 in Fig. 1. The electric 
fields 23 and 24 are also operated to lessen the electric 
fields Y1 and Y2 in Fig. 3, thus suppressing the cross- 
talk along a vertical direction. In this case, as shown in 
Fig. 11. when the DC voltage V os is smaller than -15V. 
the modulation effect can be reduced, so that the 
amount of crosstalk is remarkably reduced, thus 
enhancing the display quality. 

As explained hereinabove, according to the present 
invention, since an optical shield layer is provided on the 
side of a glass substrate on the switching element side, 
the size of the optical shield layer can be reduced, thus 
increasing the numerical aperture. In addition, since the 
modulation of later electric fields by data bus lines is 
suppressed by application of a voltage to the optical 
shield, crosstalk can be suppressed, enhancing the dis- 
play quality. 



Claims 



An in-plane liquid crystal display apparatus includ- 
ing a first transparent substrate (1 1) having a plural- 
ity of gate bus lines (GLj). a plurality of drain bus 
lines (DLj), a plurality of pixel electrodes (Ey) each 
connected via a switching element (Qy) to one of 
said drain bus lines, and a common electrode (CE) 
on said first transparent substrate; 

a second transparent substrate (21); and 
a liquid crystal layer (3) interposed between 
said first and second transparent substrate, 
said apparatus further comprising an optical 
shield layer (18, 18'), formed on said first trans- 
parent substrate, for covering said drain bus 
lines. 

The apparatus as set forth in claim 1 , wherein said 
conductive optical shield layer further covers said 
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gate bus lines. 

The apparatus as set forth in claim 1 , wherein said 
optical shield layer further covers portions between 
said drain bus lines and said common electrode. 

The apparatus as set forth in claim 1, wherein an 
Opening (18*a) is perforated in said optical shield 
layer, said opening opposing center portions of said 
drain bus lines. 

The apparatus as set forth in claim 1 , wherein said 
optical shield layer is conductive. 

The apparatus as set forth in claim 5, wherein a def- 
inite DC voltage (V^) is applied to said optical 
shield layer. 

The apparatus as set forth in claim 1, further com- 
prising: 

a first conductive layer (18, 18') formed on a 
first surface of said first transparent substrate, 
said first conductive layer forming said optical 
shield layer; 

a first insulating layer (19) formed on said first 
conductive layer; 

a second conductive layer (12) formed on said 
first insulating layer, said second conductive 
layer forming said gate bus lines and said com- 
mon electrode; 

a second insulating layer (13) formed on said 

second conductive layer; 

a third conductive layer (15) formed on said 

second insulating layer, said third conductive 

layer forming said drain bus lines and said pixel 

electrode; 

a third insulating layer (16) formed on said third 
conductive layer; 

a first orientation layer (17) coated on said third 
insulating layer; 

a first orientation layer (4) formed on a second 

surface of said first transparent substrate; 

a fourth insulating layer (24) formed on a first 

surface of said second transparent substrate; 

a second orientation layer (25) coated on said 

fourth insulating layer; and 

a second orientation layer (42) formed on a 

second surface of said second transparent 

substrate. 

The apparatus as set forth in claim 7, further com- 
prising color filters (23) formed between said sec- 
ond transparent substrate and said fourth insulating 
layer. 
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Fig. 6 
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(54) In-plane type liquid crystal display apparatus with increased numerical aperture 

(57) In an in-plane liquid crystal display apparatus 

including a first transparent substrate (11) having a plu- FiQ 5 

ralrty of gate bus lines (GLj) t a plurality of drain bus lines 
(DLj), a plurality of pixel electrodes (Ey) each connected 
via a switching element (Qy) to one of the drain bus 
lines, and a common electrode (CE) on the first trans- 
parent substrate; a second transparent substrate (21); 
and a liquid crystal layer (3) interposed between the first 
and second transparent substrate, an optical shield 
layer (18, 18'), is formed on the first, transparent sub- 
strate and covers the drain bus lines. 
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